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(54) Linear compressor 

(57) The invention provides a linear compressor 
comprising a cylinder supported in a hennetic vessel 
(100) by a support mechanism (90), a piston (20) sllda- 
bly supported by the cylinder (1 0) along its axial direc- 
tion, a spring member (60) for applying an axial force to 
the piston, a connecting rod (30) for connecting the pis- 



ton and the spring member with each other, and a linear 
motor (70) having a stator (50) coupled to the cylinder 
(1 0) and a moving member (40) coupled to the piston, 
wherein and the connecting rod is connected to the pis- 
ton with a ball joint (22,31) such the connecting rod can 
rock with respect to the piston. 
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Description 

Background of the Invention 



(1) Field of the Invention 



[0001] The present invention relates to a linear com- 
pressor for reciprocating a piston fitted in a cylinder by 
a linear motor to draw in, compress and discharge gas. 

(2) Description of the Prior Art 

[0002] In refrigeration cycle. HCFC refrigerants such 
as R22 are stable compound and decompose the ozone 
layer. In recent years, HFC refrigerants begin to be uti- 
lized as alternative refrigerants of HCFCs, but these 
HFC refrigerants have the nature for facilitating the glo- 
bal warming. Therefore, a study is started to employ HC 
refrigerants which do not decompose the ozone layer or 
largely affect the global wamiing. However, since this 
HC refrigerant is flammable, it is necessary to prevent 
explosion or ignition so as to ensure the safety. For this 
purpose, it s required lo reduce the amount of refrigerant 
to be used as small as possible. On the other hand, the 
HC refrigerant itself does not have lubricity and is easily 
melted into lubricant 

[0003] For these reason, when the HC refrigerant is 
used, an oilless or oil pure compressor is required. A 
linear compressor in which a load applied in a direction 
perpendicular to an axis of its piston is small and a slid- 
ing surface pressure is small is known as a compressor 
which can easily realize oilless as compared with a re- 
ciprocal type compressor, a rotary compressor and a 
scroll compressor. However, In the case of the linear 
compressor also, a sliding degree of the sliding surfaces 
between the cylinder and the piston affects the efficien- 
cy and durability of the linear compressor. Therefore, 
considerably complicated means is required for consti- 
tuting an oilless iinear compressor. 

Summary of the Invention 

[0004] In view of the above circumstances, it is an ob- 
ject of the present invention to provide a high-efficiency 
and reliable linear compressor In which even when a 
pressing force is applied to its piston, the piston is turn- 
ably connected and supported through a connecting rod 
so that sliding surfaces between the piston and a cylin- 
der. 

[0005] It Is another object of the Invention to provide 
a linear compressor capable of enhancing a bearing ef- 
fect by fomiing a fluid bearing between its cylinder and 
piston. 

[0006] According to a first aspect of the present inven- 
tion, there is provided a linear compressor comprising 
a cylinder supported in a hennetic vessel by a support 
mechanism, a piston slidably supported by the cylinder 
along its axial direction, a spring member for applying 
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an axial force to the piston, a connecting mechanism for 
connecting the piston and the spring member with each 
other, and a linear motor having a stator coupled to the 
cylinder and a moving member coupled to the piston, 
s wherein the connecting mechanism is connected to the 
piston such the connecting mechanism can rock with re- 
spect to the piston. 

[0007] With the first aspect, even if a force trying to 
incline the piston, e.g., a pressing force caused by a 
10 pressing force from a spring member or a magnetic at- 
traction force generated in the linear motor Is applied to 
the piston when the pi^on is operated, the outer periph- 
eral surface of the piston follows an inner peripheral sur- 
face of the cylinder, the sliding surface pressure is re- 
is duced, a mechanical loss is reduced, and the efficiency 
and reliability of the linear compressor are enhanced. 
[0008] According to a second aspect of the Invention. 
In the linear compressor of the first aspect, the connect- 
ing mechanism comprises a connecting rod having one 
^ end connected to the piston and the other end connect- 
ed to the spring member, the one end of the connecting 
rod is formed into a spherical end, the piston Is provided 
at its axlally center portion with a ball seat for holding 
the spherical end. 
25 [0009] With the second aspect, the force applied to 
the piston is moderated, and the effbiency and reliability 
of the linear compressor are enhanced. 
[0010] According to a third aspect of the invention, In 
the linear compressor of the second aspect, the ball seat 
30 Is formed in the vicinity of a center of gravity of the pis- 
ton. 

[0011] With the third aspect, rotation moment is not 
applied to the piston, the sliding surface pressure is re- 
duced, and the efficiency and reliability of the linear 

35 compressor are enhanced. 

[0012] According to a fourth aspect of the invention, 
there is provided a linear compressor comprising a cyl- 
inder supported in a hermetic vessel by a support mech- 
anism, a piston slidably supported by the cylinder along 

40 its axial direction, a spring member for applying an axial 
force to the piston, and a linear motor having a coupling 
portion coupled to the cylinder and a moving member 
coupled to the piston, wherein a fluid bearing is fomried 
between the piston and the cylinder. 

45 [0013] With the fourth aspect, pressure acting on the 
sliding surface is reduced, the mechanical loss is largely 
reduced, and the efficiency and reliability of the linear 
compressor are enhanced. 

[0014] According to a fifth aspect of the invention, in 
50 the linearcompressor of the fourth aspect, the fluid bear- 
ing comprises a dynamic pressure groove formed in an 
outer peripheral surface of the piston. 
[0015] W?th the fifth aspect, the piston can be held by 
the dynamic; pressure generated in the dynamic pres- 
55 sure groove. As a result, the sliding surface pressure 
can be reduced, and the efficiency and reliability of the 
linear compressor are enhanced. 
[0016] According to a sixth aspect of the invention, in 
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the linearcompressor of the fourth aspect, thefluid bear- 
ing comprises an introducing path for Introducing a dis- 
charged gas into the cylinder, and a through hole formed 
in the cylinder, and the through hole brings the Introduc- 
ing path and a sliding surface of the cylinder. 
[0017] With the sixth aspect, the pressure between 
the cylinder and the sliding surface of the piston is large- 
ly reduced and as a result the efficiency and reliability 
of the linear compressor are enhanced. 

Brief Description of the Drawings 

[0018] 

Fig.1 is a sectional view showing an entire structure 
of a linear compressor of an embodiment of the 
present Invention; 

Fig.2 is a plan view of a piston surface showing an 
embodiment of a fluid bearing of the Invention; 
Fig.3A is an enlarged sectional view of an essential 
portion of a linearcompressor according to another 
embodiment of the fluid bearing of the invention; 
and 

Fig.3B is a plane view taken along the arrow X in 
Rg.3A. 

Description of the Preferred Embodiments 

[001 9] First, an entire structure of a linear compressor 
of the present embodiment will be explained with refer- 
ence to Fig.1 . This linear compressor comprises a cyl- 
inder 1 0 supported by a support mechanism 90 In a her- 
metic vessel 100, a piston 20 slidably supported by the 
cylinder 10 along an axial direction thereof, a spring 
member 60 for applying an axial force to the piston 20. 
a linear motor 70 having a stator 50 connected to the 
cylinder 1 0 and a moving member 40 supported In a re- 
ciprocating path fonned in the stator 50 such that the 
moving member 40 can reciprocate, a connecting rod 
30 which Is one of connecting mechanisms connected 
to the piston 20, and a head cover 80 having a suction 
valve, a discharge valve and the like for charging and 
discharging solvent to and from a compression chamber 
1 3 of the cylinder 1 0. One end of the connecting rod 30 
Is connected to the spring member 60, apd the moving 
member 40 is also connected to the spring member 60. 
[0020] The hentietic vessel 1 00 comprises a' contain- 
er for accommodating essential constituent elements of 
the linear compressor. A refrigerant is supplied to space 
1 01 in the hermetic vessel 1 00 from a suction tube (not 
shown), and the refrigerant is introduced toward an in- 
take side of the head cover 80. A compressed refriger- 
ant Is discharged out from a discharge tube (not shown) 
connected to the hemietic vessel 100 through the head 
cover 80. 

[0021] The support mechanism 90 comprises a 
spring-support plate 92 fixed to an interior of the her- 
metic vessel 100, and a plurality of coil springs 91 



mounted on the spring-support plate 92 for supporting 
the cylinder 1 0. The coil springs 91 functions to prevent 
vibration from being transmitted from the cylinder 10 to 
the hemietic vessel 1 00. 

5 [0022] The cylinder 1 0 comprises a flange 1 1 against 
which the coil springs 91 abut, and a boss 12 projecting 
from a center of this flange 11 toward one end (upward 
in Fig.1) of the cylinder 10. The flange 11 and the boss 
12 are integrally fomied. A sliding face 14d against 

10 which the piston 20 abuts is fomied on an inner periph- 
eral surface of the boss 12, 

[0023] The piston 20 comprises a cylindrical body 
having an outer peripheral surface 24 (Fig.2) slidably 
supported by the sliding face 1 4d of the cylinder 1 0. An 
^5 Inner surface of the cylinder 1 0 is fomied with a recess, 
and a center of gravity of the inner surface is located at 
a bottom 21 . A ball seat 22 having a spherical recess is 
formed In an axial center of the bottom 21 . As shown In 
the drawing, a compression chamber 13 is formed be- 
20 tween a head of the piston 20 and the head cover 80 
closely connected to the flange 11 of the cylinder 10. 
[0024] As shown in Fig. 1 , the spring member 60 com- 
prises a disc-like member in this embodiment. When a 
peripheral edge of the spring member 60 Is fixed, a por- 
25 tion of the spring member 60 from its peripheral edge to 
the center thereof is resiliently deformed. 
[0025] The linear motor 70 comprises the moving 
member 40 and the stator 50. The stator 50 comprises 
an Inner yoke 51 and an outer yoke 52. The inner yoke 
30 51 comprises a cylindrical body and fbced to the boss 1 2 
in a circumscribing manner. A coil 53 is accommodated 
in the inner yoke 51 and connected to a power source 
(not shown). The outer yoke 52 comprises a cylindrical 
body covering the inner yoke 51, and is fixed to the 
35 flange 1 1 of the cylinder 1 0. A reciprocating path 54 hav- 
ing small space is formed between an inner peripheral 
surt'ace of the outer yoke 52 and an outer peripheral sur- 
face of the inner yoke 51 . In the present embodiment, 
A peripheral edge of the spring member 60 Is supported 
^ on and fixed to the outer yoke 52. 

[0026] The moving member 40 of the linear motor 70 
comprises a permanent magnet 41, and a cylindrical 
holding member 42 for holding the pemianent magnet 
41 . The cylindrical holding rinember 42 is accommodat- 
es ed in the reciprocating path 54 such that the holding 
member 42 can reciprocate therein. The cylindrical 
holding member 42 comprises a peripheral edge 42a for 
fixing the penmanent magnet 41 and a disc 42b integrally 
connected to the peripheral edge 42a. A ceriter portion 
50 of the disc 42b is fixed to a center portion of the spring 
member 60. The permanent magnet 41 is disposed at 
a position opposed to the coil 53, and a constant fine 
gap Is fomied therebetween. The Inner yoke 51 and the 
outer yoke 52 are disposed coaxially so as to unifonnly 
55 keep the fine gap over the entire circumferential region. 
[0027] Theconnecting rod 30 of the connecting mech- 
anism comprises a slender rod, and is formed at its one 
end (lower end in the Fig.1) with a spherical end 31 . The 
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other end of the connecting rod 30 Is connected to the 
center portion of the disc 42b of the cylindrical holding 
member 42, and fixed to the center portion of the spring 
member 60. In this embodiment, the other end of the 
connecting rod 30 is detachably connected to the center 5 
of the dec 42b. The spherical end 31 comprises a ball 
rotatably fitted in the ball seat 22 of the piston 20. 
[0028] The head cover 80 is fixed to an end surface 
of the flange 1 1 of the cylinder 1 0 through a valve plate 
81. A suction valve (not shown) that can be brought into io 
communication with the compression chanr^er 13, a 
discharge valve (not shown) and the like are assembled 
into the vah/e plate 81 . The suction valve and the dis- 
charge valve are respectively connected to intake-side 
space (not shown) and discharge-side space (not is 
shown) provided in the head cover 80, A suction tube 
and a discharge tube are respectively connected to the 
Intake-side space and the discharge-side space, 
[0029] Next, operation of the linear compressor of the 
above structure will be explained. Rrst, if the coil 63 of 20 
the stator 50 is energized, thrust, whteh is proportional 
to the current, is generated between the moving mem- 
ber 40 and the pennanent magnet 41 in accordance with 
Fleming's left-hand rule. A driving force is applied to the 
moving member 40 for moving the moving member 40 2S 
in its axial direction by this generated thrust. Since the 
cylindrical holding member 42 of the moving member 40 
Is connected to the spring member 60 together with the 
connecting rod 30, the piston 20 moves. Since the piston 
20 is rotatably connected coupled to the piston 20 30 
through the ball seat 22 provided in the piston 20 and 
the spherical end 31 of the connecting rod 30, the piston 
20 smoothly moves in the axial direction. The coil 53 Is 
energized with sine wave, thrust in normal direction and 
thrust in the reverse direction are alternately generated 35 
in the linear motor. By the alternately generated thrust 
in the normal and thrust in the reverse direction, the pis- 
ton 20 redprocates. 

[0030] The refrigerant is introduced from the suction 
tube into the hemnetb vessel 1 00. The refrigerant Intro- 40 
duced into the hemrietic vessel 1 00 enters the compres- 
sion chamber 13 from the intake-side space of the head 
cover 80 through the suction valve assembled into the 
vah^e plate 70. The refrigerant is compressed by the pis- 
ton 20 and discharged out from the discharge tube (not 45 
shown) through the discharge valve assembled into the 
valve plate 70 and the discharge-side space of the head 
cover 80. Vibration of the cylinder 10 caused by a recip- 
rocating motion is restrained by the coil springs 91 . 
[0031 ] As explained above, since the piston 20 rotat- so 
ably connected to the connecting rod 30 through the ball 
seat 22 provided in the piston 20 and the spherical end 
31 of the connecting rod 30, the connecting rod 30 can 
rock with respect to the piston 20. Therefore, even if a 
force trying to incline the piston 20 even slightly, e.g., a 55 
pressing force of the spring member 60 or a magnetic 
attraction force generated in the linear motor 70 is ap- 
plied to the connecting rod 30, the outer peripheral sur- 



face of the piston 20 follows the Inner peripheral surface 
of the cylinder 10, and the sliding surface pressure Is 
not increased. This can enhance the efficiency and re- 
liability of the compressor. Since the ball seat 22 is pro- 
vided in the vicinity of the center of gravity of the piston 
20, rotation moment of the piston 20 itself Is not applied, 
and the sliding surface pressure can be reduced further. 
Since the moving member 40 of the linear motor is fixed 
to and supported by the spring member 60, the spring 
member 60 can receive the magnetto attraction force 
generated between the moving member 40 and the sta- 
tor 50, a force applied to the piston 20 is reduced, and 
the sliding loss can also be reduced. 
[0032] Next, a dynamte pressure groove, which is one 
of embodiments of a fluid bearing, will be explained with 
reference to Fig,2. This dynamic pressure groove 23 
comprises bent (angle) hemngbone grooves arranged 
in a plurality of rows fomied In an outer peripheral sur- 
face 24 of the piston 20. The piston 20 is held by a dy- 
namic pressure generated In the dynamic pressure 
groove 23 as the piston 20 reciprocates, thereby mini- 
mizing the sliding contact between the inner peripheral 
surface of the cylinder 1 0 and the outer peripheral sur- 
face of the piston 20. With this dynamic pressure groove 
23, the efficiency and the reliability of the compressor 
can further be enhanced. 

[0033] Rgs.3A and 3B show another embodiment of 
the fluid bearing. This bearing is a gas bearing utilizing 
a high-pressure refrigerant gas. This gas bearing in- 
cludes introducing paths 14 and through holes 15. The 
introducing path 14 includes a ring groove 14b formed 
in an end surface of the flange 11 of the cylinder 10, a 
plurality of introducing holes 14c fomied in the boss 12 
of the cylinder 10, and communication holes 14a which 
are in communication with the ring groove 1 4b from the 
discharge-side space of the head cover 80. Each of the 
through holes 15 comprises a plurality of holes which 
bring the introducing holes 1 4c and the sliding face 1 4d 
of the cylinder 10 Into communfeation with each other. 
With this structure, the high-pressure refrigerant gas 
from the Introducing path 14 is injected from the plurality 
of through holes 15 to hold the piston 20. As a result, it 
is possible to minimize the sliding contact between the 
Inner peripheral surface of the cylinder 1 0 and the outer 
peripheral surface of the piston 20. With this bearing, 
the efficiency and the reliability of the compressor can 
further be enhanced. 



Claims 

1 - A linear corrpressor comprising a cylinder support- 
ed in a hermetic vessel by a support mechanism, a 
piston slidably supported by said cylinder along its 
axial direction, a spring member for applying an ax- 
ial force to said piston, a connecting mechanism for 
connecting said piston and said spring member with 
each other, and a linear motor having a stator cou- 
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pled to said cylinder an d a movin g member coupled 
to said piston, wherein said connecting mechanism 
is connected to said piston such said connecting 
mechanism can rock with respect to said piston. 

5 

2. A linear compressor according to claim 1 , wherein 
said connecting mechanism comprises a connect- 
ing rod having one end connected to said piston and 
the other end connected to said spring member, 
said one end of said connecting rod is formed into io 
a spherical end, said piston is provided at Its axially 
center portion with a ball seat for holding saidspher- 
ical end. 

3. A linear compressor according to claim 2, wherein is 
said ball seat is fomied in the vicinity of a center of 
gravity of said piston . 

4. A linear compressor comf3rising a cylinder support- 
ed in a hennetic vessel by a support mechanism, a ^ 
piston slidably supported by said cylinder along its 
axial direction, a spring member for applying an ax- 
ial force to said piston, and a linear motor having a 
coupling portion coupled to said cylinder and a mov- 
ing member coupled to said piston, wherein a fluid 25 
bearing is formed between said piston and said cyl- 
inder. 

5. A linear corripressor according to claim 4, wherein 
said fluid bearing comprises a dynamic pressure 30 
groove fomied in an outer peripheral surface of said 
piston. 

6. A linear compressor according to claim 4, wherein 
said fluid bearing comprises an Introducing path for 35 
introducing a discharged gas into said cylinder, and 

a through hole formed in said cylinder, and said 
through hole brings said introducing path and a slid- 
ing surface of said cylinder. 
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(57) The invention provides a linear compressor 
comprising a cylinder supported in a hermetic vessel 
(100) by a support mechanism (90), a piston (20) slida- 
bly supported by the cylinder (10) along its axial direc- 
tion, a spring member (60) for applying an axial force to 
the piston, a connecting rod (30) for connecting the pis- 



ton and the spring member with each other, and a linear 
motor (70) having a stator (50) coupled to the cylinder 
(1 0) and a moving member (40) coupled to the piston, 
wherein and the connecting rod is connected to the pis- 
ton with a ball joint (22,31 ) such the connecting rod can 
rock with respect to the piston. 
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